The current situation of endemic malaria in Mauritania is not clear since, in most health centres, suspected malaria cases are not confirmed by parasitological analysis and diagnosis is based on clinical symptoms alone. To obtain reliable data about malaria in this country, thin and thick blood smears were taken from patients with symptoms compatible with the illness, who attended two hospitals: Polyclinic of Nouakchott, which serves one-third of the country's population, where a malaria infection rate of 18.5% (77 of 446) was recorded; Plasmodium falciparum caused 61.85% of these, P. vivax 35.5% (28/77). In Kaedi Regional Hospital, provincial capital of the endemic Gorgol region, a prevalence of 25.49% (106 of 416) was recorded, with P. falciparum as the sole pathogenic species.
Introduction
Malaria is still the most important endemic disease in the world. The economic situation and social factors have contributed to the dramatic repercussions of malaria epidemics in many countries. In the sub-Saharan region, malaria is the most serious public health problem (Julvez et al. 1992; Kondrachine & Trigg 1998) and in West Africa almost 75% of the population live in areas where it is strongly endemic (Kleinschmidt et al. 2001; MARA 2002) and 18% in areas under threat of an epidemic (Baudon et al. 1986) .
The West African country of Mauritania is located between latitudes 15-27°north and longitudes 5-17°east; therefore two-thirds of its surface area are part of the Sahara and one-third is sub-Sahara. It has a low rainfall that increases from North to South and only one rainy season from July to October, which geographically divides the country into three large areas: the saharan region in the north, a huge arid region with little rainfall, the sahelian region dominated by the savannah and characterized by an annual rainfall of 100-300 mm, and a wetter southern area along the Senegal river valley, with an annual rainfall of 500 mm.
The epidemiology of malaria in Mauritania is not clear. On the one hand, health information is limited and on the other hand, most health centres do not have sufficient resources to confirm diagnosis with parasitological analysis and only a clinical diagnosis is made. Nevertheless, malaria is one of the main motives for outpatients' consultations and hospitalization, after diarrhoea and respiratory infections, although this order is reversed in southern and south-eastern regions of the country, where malaria is the most important illness. However, the only surveys that have been carried out are those by Sautet et al. (1948) , Monjour et al. (1984) , and Aida and Kocher (1997) , the latter of which forms part of the unpublished report of the Health Ministry. This Ministry in its Programme National de Lutte Contre le Paludisme (1996) divides the country into three zones according to incidence. These are regions of high incidence: Hodds, Assaba, Gorgol, Brakna and Guidimaka; intermediate incidence: Trarza and Tagant; and regions of low incidence: Adrar, Dakhlet-Nouadhibou, Tiri-Zemm Inchiri and Nouakchott. Malaria is clearly on the increase in Mauritania and significantly contributes to the increase in illness and mortality, especially in children under 5 years of age and pregnant women. The main factors affecting this increase are the development of hydroagricultural projects in the south and reappraisal of the oases in northern regions. Resistance to antimalarial drugs is also becoming an important factor (Eberl et al. 2001; Jordan et al. 2001) .
Nouakchott, the capital city of Mauritania, houses one-third of the country's population. It is situated in the Sahara near the coast. No cases endemic to this area have been reported previously, and while it has been indicated as a non-transmission area in one report, it appears as an epidemic outbreak zone in the same document (MARA 2002) . As most malaria cases are diagnosed by patient's symptomatology only, we intended to obtain reliable data through direct parasitological analysis of the patients attending two hospitals: Polyclinic of Nouakchott and Kaedi Regional Hospital (in the endemic southern region of Gorgol).
Materials and methods
From January to December 1996, blood samples were collected from 416 patients with fever and other clinical symtomps (headache, vomit, chills, pallor, etc.) who presented at Polyclinic of Nouakchott and were referred by the clinic to the hospital's analytical laboratory. The hospital serves patients from different areas of the city and also those from other regions of the country. An epidemiological record was completed for each patient, in which the date of sample collection, the patient's sex, age, race, place of origin, abode and its characteristics, recent journeys and symptomatology were recorded. Of the patients attending the hospital, 46% had come from areas outside the city whereas the rest were inhabitants of Nouakchott, most of whom had recently travelled to other regions.
In the laboratory of Kaedi Regional Hospital, provincial capital of the malaria-endemic Gorgol region in southern Mauritania, blood samples were collected from all patients who presented a high fever on arrival at the hospital in 1999. In April and May, representative months of the dry season, 211 blood samples were analysed, and in September and October, representative of the rainy season, 205.
Thin and thick blood smears were put on the same slide. These were stained with Giemsa, and parasites were counted using the method recommended by the WHO (1995) . Obtained data were graded according to parasitaemia: 1, patients with 1-40 parasites/ll; 2, patients with 41-400 parasites/ll; 3, patients with 401-4000 parasites/ll; and 4, patients with more than 4001 parasites/ll. We tested for significant differences by Chi-square with a significance level of 95%.
Results

Patients from Polyclinic of Nouakchott
Of the 416 patients with fever and other clinical symptoms compatible with malaria who presented at Polyclinic of Nouakchott, 77 were positive for Plasmodium, giving a malaria infection rate of 18.5%. Most patients were grade 2 or 3 parasitaemic (Table 1) . Some were considered to be endemic to Nouakchott (see below), some lived in Nouakchott but had travelled to other regions, and some were from other endemic regions. P. falciparum caused 47 infections (61.85%), P. vivax 28 (35.5%). Twenty-three P. falciparum patients came from, or had travelled to, southern Mauritania (the region around the Senegal river), seven were from the south-east (mainly from Nema and Aioun), two from other West African countries, and one person had travelled to the north of the country (Atar). In seven cases it was not possible to establish where they had travelled and another seven patients had never been out of Nouakchott. Of the 28 cases of P. vivax, 15 had travelled to the south, seven to the south-east, one to the east (Tidjikja), and two to the north (Atar); in one case it was impossible to establish where he had travelled, and two patients had never left Nouakchott. One case of P. malariae and another of P. ovale were diagnosed in patients from El Gorgol and Hodh-El-Charghi (in the south-east), respectively.
Men were significantly more often infected (21.60%) than women (13.85%) (P ¼ 0.038). The most affected group were children aged 3-7 years (33.33%, Table 2 ), who were affected much more often than either infants under 3 years (5.33%) or adults over 22 years (12.66%, P < 0.001 in both cases) of age. The greatest prevalence of malaria was found in blacks of African origin (31.1%), followed by 18.7% in blacks from northern Africa and 13.07% in white northern Africans. The differences between African blacks and the other two ethnic groups were significant (P < 0.001 and P ¼ 0.039, respectively). The prevalence of malaria rose in October, November and December (31.13%) compared with the rest of the year (14.19%), and these differences were significantly different (P < 0.001).
Malaria endemic to Nouakchott
Of the 77 cases of malaria diagnosed in the laboratory of Polyclinic of Nouakchott, 41 (53.25%) were inhabitants of this city, although most of these had recently travelled to other endemic regions; the rest (36; 46%) came from other regions of Mauritania. The 41 Nouakchott cases came from all city districts except Ksar/Teyaret, where no Plasmodium infections were found. The highest number of cases was recorded in the districts of Toujounine (11 of 68) and Dar-Naim (12 of 46). Nine of the positive cases from the Toujounine district had never left the Nouakchott region and, after a second interview to confirm that they had not travelled outside the city, were considered as autochtonous. All but one (a 25-year-old) were children under 8 years of age; seven infected by P. falciparum and two by P. vivax. These cases represent 2.6% of the total number of the febrile subjects, and 11.7% of the cases diagnosed with malaria in Nouakchott. In addition to these nine cases considered as endemic, there were another nine infections (four by P. falciparum and five by P. vivax), whose origin is uncertain as the patients had travelled to non-endemic regions in the north of the country or to endemic regions in the south, 6 months to 2 years previously.
Patients from Kaedi Regional Hospital (El Gorgol, southern Mauritania)
Malaria was recorded in 25.49% of the patients who attended the laboratory of Kaedi County Hospital, and P. falciparum was the only species found. In this region also, males were more often (32.54%) infected than females (20.64%, P < 0.001). Similarly, malaria was more prevalent in the rainy season (September-October, 34.63%) than in the dry season (April-May, 16.58%), and these differences were also significantly different (P < 0.001). However, there was no significant difference in malaria prevalence in the different age groups in this region.
Discussion
The current situation of malaria in Mauritania is not clear as the diagnosis is mainly based on febrile symptoms. Our results demonstrate that febrile syndrome does not give a reliable diagnosis of malaria as only 25.5% of those attending hospital with this symptomatology in the Kaedi region were positive for the disease and 18.5% of those attending the Polyclinic in Nouakchott. It is worth calling to mind the common practice of taking antimalarial drugs in response to any febrile symptom as this could be responsible for the appearance of resistant forms (Gasquet et al. 1995; Eberl et al. 2001; Jordan et al. 2001) . The results obtained in Kaedi confirm the importance of this disease in the south of the country, but we consider the findings from Nouakchott more important, as they reveal that many individuals contract the disease when travelling in endemic southern regions, and then become focuses of the infection; and that these cases give rise to endemic outbreaks. This results in the spread of the disease to previously disease-free areas that then become new endemic foci.
Nouakchott is situated in the sub-Saharan region near the coast, which greatly hinders malarial transmission. The nine endemic cases we detected (11.68% of the cases diagnosed) came from Toujounine district, which is the neighbourhood furthest from the coast, where the soil is not salty and which is surrounded by agricultural land that could be suitable for development of the vector (Sidatt 1980) . Coulibaly (1997) , in a study about the presence of the malaria vector in this city, reported that of the eight districts studied, Anopheles spp. was only found in Toujounine. This seems to suggest that the Toujounine district, and more specifically the surrounding area of the Tel-Zatar orchards, has a microclimate with conditions suitable for development of the mosquito of the Anopheles genera. As eight of the nine cases were children, this data emphasizes this city as endemic. On the other hand, qualiquantitative data obtained at Polyclinic of Nouakchott are similar to those collected by Aida and Kocher (1997) in south-east Mauritania, and different from those obtained at Kaedi in southern Mauritania, where only P. falciparum was found. As 13 of the 28 cases of P. vivax diagnosed in Nouakchott hospital had only travelled to the Senegal River valley, either P. vivax is spreading to this region or the number of cases endemic to Nouakchott is more important than it originally appeared to be.
Regarding the ethnicity of P. vivax cases, six of 23 black northern Africans were infected, which is remarkable (Wery and Paskoff 1995) as the absence of erythrocytic antigens of the Duffy factor has been cited as an inborn resistance factor against malaria by P. vivax (Miller et al. 1976) in this group. However, the study by Lepers and Simoneau (1986) in 107 adults from Nouakchott revealed that 1.8% of the black north African population had the Duffy + phenotype, which could explain the cases of P. vivax observed in negro individuals in our study.
